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THE LIFT OF AN NACA 0012 RECTANGULAR WING IN
THE NACA 19-FO0T PRESSURE TUNNEL

By Thomas &. Muse
SUMMARY

4 ghbort investigation was made in thg WACA 19~-fToot
presgure tunnel to determine the aercdynamic character-
isticg of a rectangular wing model constructed to NACA
GCLl2 airfoll gentiong. The tests were run with the airp
in the tunnel at two different pressures: atmosvheric
(14.7 1b/sg in. abs.) and 35 pounds per sguare inch abgo-
iInte. The Heynolds number ranged from 1,07C,000 to
5,250,000 for the tests at atwmospheric pressurec and fron
1,960,000 to 8,240,000 for the tests at a presgsure of 358
pounds Ter sqguare inch absolute, The regults indicate a
merxed compregsibility effeet on the 1ift coefficients,
particularly the maximum 1ift cosfficienis, which increase
up to a velocity of approximately 150 miles per hour (a
Mach number of 0.19) and then decrsase rapidly. The re-
sults also indicete that, in wind-tunnel testing to de-
termine maxiwmum 1ift coefficients, compressibllity effects
may be avoided by limiting the tunnel sirstream test
velo;ity to apout 126 miles per hour (2 Mach number of
Qvl’?

IN¥TRODUCTION

During the calibration of the HWACA 29-foot pressuvre
tunnel a fen years ago, tests were made with A rectangular
metal wing constructed to NACA G012 airfoil sections. The
results of these. tests, which are reported herein and
which have been reported In part as mnpublighed dats of
the NAGCA 19-foot presgure tunnel in references 1 and 2,
showed compressibility effects on the 1ift coefficients
that are believed to ve of considerable iwnmortance IiN wind=
tunnel testing technique as well as inm conneection nith
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certain phenomena observed gn flight. Ina&much as the
information provided by the present tests isg somewhat
scanty, further tests are contemplated when the pressure
of the present military testing program is relieved.

TESTS AND RESULTS

Figure 1 gives the detsils of the model. The test
setup of the model mounted in the tunnel is ghown IN fig-
ure o.¥Force tests were made over an angle-of-attack
range from below zero lift through the stall nith the air
in the tunnel at two pressures, atmospheric (34.7 1bv/sq in.
abs.) and 35 pounds per square iach absolute. Tho tests
were made at values of dynamic pressure from 10 to 200
pounds per sgunare foot, which gave test Reynolds numbders
from 1,070,000 to £,250,000 at atmospheric pressure and
from 1,960,000 to 8,240,000 for 35 pounds per square inch
pressure.

Tests wéere made t0 determine the effects of support
tare snd interference, and corrections for these effects
mere made to tne coefficients presented herein. The
angleg of attack are corrected for jet-boundary effects.

The variation of the lift coefficient ¢y with angle

of attack a 1is given in figures 3 and 4 for the tests
at the different Reynolds numbers and the two tunnel air~
pressure counditiong. Examination of these curves reveals
some variatiorn of lift-curve slope with Reynolds number.
Correcting the slopes tO infinite aspect ratio a, and

plotting a, against test Reynolds nmmber (fig. 5) gives

a separate curve for each of the two tuunnel air pressures,
When 8, is plotted against Mach number, however, the
two curves show fair agreement in that the breaks occur
at approximately the same Mach number (fig. 5).

In figure 6, the magximum lift coefficient CLmax is

pletted ageingt test Reynolds number for the two pressure

conditiong. FOr stmospheric pressure, the value of CLmax

increases up to a velocity of approximately 150 mileg per
hour efter which it decreases at a rapid rate for the re~
maining portion of the range investigat®d. Increasing
the pressure 0f the air in the tunnel extends the curve

ebtained at atmospheric pressure to higher values of Cluax
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and to higher values of critical Reynolde number as indi—
cate& by the dashed-line curve, The critical Reynolds
number in this case also eorresponds t0 a velocity of
approximately 150 miles peS hour, When these same values
of C . are plotted againet Mach number sg in figure 7,
howsver, both curves show the peak at approximatsly the
same Mach number (0.19) indicating that the breakdown of
the flow is a compressibility effect. A few pressure
measurements over the nose of the wing Indicate this to be
the case. Further detailed pressurs megsurements are
desirable. It should bo remembered, however, that both
Reynolds and Mach nmumber effects are combined in the results
of figures 6 and 7 and that the variation of g ig due

to a combination of these two effects. (n the otf®r hand,
compreseibility effects are quite small for Mach number8 up
to 0.17 and variations of @y _._ below this value therefore

gre essentially true Reynelds number effects. In refer-.
ence 2, It hag been shown Pi-om tyo~dimensional pressure—
distribution tests of airfoils of the NACA l6-series that
the ocurve of CLyy against Mach number stasxrts upward

again. at higher Mach numbers with pronounced increases of
maximum 1ift coefficient being obtained. Unfortunatsly, It
was not possible in the present tests to obtain the high Msech
number necessary to show this effect. Further Force tests
at high Mach numbers appear t0 be very desirable,

The results of the present investigation of the NACA
0017 wing indicate that tests for the determination of
maximum lift coefficient ghould be made at the Reynolds
and Mach numbers corresponding to those exieting for the
conditions at which the dals will bo used. Unfortunately,
duplication of amticlpated conditioms of size, altitude,
and velccity would be required becmuse the proper Reynolds
and Mach numbers can be simultaneously obtained in no
other way, Inasmuch as the wmajority of wind tunnels are
dependent upon velocity chenges far variation of Mach num—
ber, the effects of compressibility and Reynolds number
thus obtained cannot bo separated; consequently, tho Mach
number effects at Clypax MY predominate at much lower

than ths desired Reynolds numbor and the data will be mis—
leading. Because the majority. of maximum- 1ift data are
applied to the landing and stalling condltions of airplenes
in which the velocities are ususlly less that 125 miles
per hour, the compressibility effects are smgll. For this
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feagon, It would appear desirable in mMoOSt cases to make
the wind-tunnel tegts for maximiam lift coefficient at
values of Mach number sufficiently low that compressibil-
ity effects will be negiigidble. The present tests indi-
cate that an air-stream velocity of agproximataly 125
miles per hour (a Mach number of 0.17) would be the upper
limit for airfoils with pregsure distributions similar to
that of the NACA Q012 gection. For flight attitudes that
require maximum lift at high Mach and Reynolds numbers,
such as would vbe obtained In high~-gpeed turns, however,
both the proper Mach and Reynolds numbers should be
duplicated.

COKCLUBIONS

From thes tests of an ¥ACA G012 rectangular wing in
the NACA 19-foot pressure tunnel herein reported, the
following conclusions may be drawnt

1. Compressibility effects produce pronounced changes
in the value of the maxirmum Lift coefficient for Mach
nombers exceeding approximately 0.17. Below this value,
Reynolds number effects apparently predominate,

2. Determination of the maximum 1ift coefficient by
wind~tunnel tests must therefore be done with due regard
for the flight condition to which the results will be
applied.

Langley lemorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, ¥a.
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Figure D,~ Variation of lift-coefficient~curve slope with test Reynolds
sumber and Mach mumber for NACa OCL2 rectangular wing.
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